Pupillary responses are a simple test commonly used as a predictor of outcome after severe brain injury. It is also common for clinicians to associate bilaterally absent pupillary responses with very poor prognosis. We report a series of cases of severely brain injured children with bilaterally absent pupillary responses who had favourable outcomes. From a group of 89 patients with brain injury, 32 had bilaterally absent pupillary responses and six (four with traumatic brain injury and two with infective brain injury) subsequently had favourable outcomes. This represents 18.8% of patients and should be a reminder to clinicians that the clinical sign of bilaterally absent pupillary responses is not always associated with a hopeless outcome.
Pupillary responses are a simple, commonly used test. They are useful in the assessment of brainstem function during unconsciousness 1 and are often used as a predictor of outcome after severe brain injury, with bilaterally absent pupillary responses associated with unfavourable outcome 2 . Our recent work 3, 4 has shown that while bilaterally absent pupillary responses are useful predictors of outcome following severe brain injury, they are not always associated with unfavourable outcomes. This is contrary to 'the prevailing wisdom' with many colleagues thinking that bilaterally absent pupillary responses mean very poor prognosis irrespective of other predictive tests. We present here a case series reporting the occurrence of favourable outcome (i.e. false positives) in a number of children with bilaterally absent pupillary responses.
CLINICAL RECORDS
Children admitted to the intensive care unit of the Royal Children's Hospital, Melbourne, Australia, with acute severe traumatic or non-traumatic brain injury were prospectively recruited as part of a large study examining outcome prediction 3 . Patients were included if they had an initial Glasgow Coma Score <8 or were deemed to have suffered a severe brain injury by treating clinicians if a score could not be determined. Patients were ineligible if they were less than one month of age, had been deemed brain dead prior to testing or had pre-existing handicaps. The current report details patients from the larger study who had bilaterally absent pupillary responses. Hospital ethics committee approval was given for the study. Pupillary size and responses were recorded serially in combination with a number of other tests. Pupillary responses were routinely recorded by the patient's nurse or clinician. The pupillary response was tested using a small, bright torch and categorised into the grades brisk, sluggish and bilaterally absent. The response from the best side was used. Pupillary responses were known by medical and nursing staff and were available for use in clinical management.
A total of 89 patients were identified (see Table 1a and 1b). Pupillary responses were bilaterally absent 40 times in 32 patients. Responses were bilaterally absent during initial testing in 27 of these 32 patients. Outcome was assessed a nominal five years (4.2 to 6.6 years) after injury by telephone interview according to the Glasgow Outcome Scale (good or moderate disability=favourable outcome while severe disability, vegetative state or dead=unfavourable outcome) and a quality of life measure based on the Health Utilities Index Mark 1 5 which assesses motor, cognitive and cardiorespiratory function, degree of disability and psychosocial development.
Outcomes, blind to pupillary responses and other tests, according to the Glasgow Outcome Scale were: death-25, severely disabled-1, moderate disabilities-2 and good outcomes-4. Table 2 provides additional clinical information on the six children with bilaterally absent pupillary responses and good outcomes (false positives). Many of the other clinical signs (motor responses, intracranial pressure, cerebral perfusion pressure and somatosensory evoked potentials [SEPs]) were suggestive of more optimistic outcomes than the simultaneous pupillary responses. Consistent with treatment of all severely brain injured children, the six false positives were intubated and ventilated. All patients, including the six false positives, were on a wide range of drugs, including midazolam, morphine, phenytoin, thiopentone, phenobarbitone, phenytoin, diazepam and fentanyl at the time of testing. Most tests (16/17) were performed on the false positives in the presence of at least two of these drugs.
Changes in pupillary response were common. Five patients (two with infections and three with traumatic brain injury [TBI]) had bilaterally absent responses return with four having good outcomes. The changes increased the predictive accuracy of pupillary responses, with only one false positive occurring in association with the last test. 
DISCUSSION
This case series details a group of 89 patients with severe brain injury of whom 32 had bilaterally absent pupillary responses. Six of these 32 children subsequently had good outcomes (false positives). This represents a significant proportion of patients and should be a warning against the simple association of bilaterally absent pupillary responses with uniformly poor outcome. Most pupillary response false positives suffered TBI while two suffered infective brain injury. Other studies have also reported false positives [6] [7] [8] for pupillary responses and the return of bilaterally absent 9 pupillary responses in significant proportions of children after TBI.
Most (5/6) of the false positives initially had bilaterally absent pupillary responses that returned on subsequent testing. Clinical signs and other predictive tests such as SEPs can also change over time [10] [11] [12] [13] [14] . Changes in pupillary responses were relatively common amongst the current patients. Bilaterally absent pupillary responses returned in seven patients, five of whom were false positives. It is known that early abnormal signs can be unreliable and be associated with false positives 2, 15, 17, 19, 24 . It has also been reported that the number of false positives decreases over time with the return of initially absent signs over the following few days 10, 15, 21, [24] [25] [26] [27] . Pupillary response are not associated with any false positives by day three after any cause of non-traumatic coma while for hypoxic-ischaemic encephalopathy in particular, this occurs from day zero 2, 15, 17, 19, 23 . There were no false positives for pupillary responses from patients suffering hypoxic-ischaemic encephalopathy in the current patient group while the number of false positives associated with infectious brain injury reduced from two to zero over time.
The unreliability of early clinical examination has led to the recommendation to wait until day three to predict outcome 2, 15 . A number of studies have also found that predictive performance increases over the first week [16] [17] [18] [19] [20] . Some authors have found that the ability to predict unfavourable outcome improves over the first week, while the accuracy of favourable outcome prediction can decrease over the first week 10, 15 . It has been reported that the prognostic value of the pupillary response peaks on day three for unfavourable outcome prediction in anoxic coma 10, 15 . Snyder 21 reported that the prognostic value of pupillary responses for the detection of survival was at its best between 24 and 48 hours. In a recent systematic review of the predictive power of clinical tests following cardiac arrest, Booth 22 concluded that one to three days are required to obtain the most value from the individual tests. Reviews by Zandbergen 23 and Attia 2 have also reported that bilaterally absent pupillary responses on day three are associated with no false positives in anoxic coma but do generate false positives after TBI. Our findings agree, showing a change in the predictive performance for pupillary responses over time with the results of the last test performing best and minimising the number of false positives.
Pupillary responses may be influenced by a number of factors. The effects of drugs, such as topical mydriatics, sympathomimetics and catecholamines, antiepileptics, analgesics, sedatives and topical β blockers, which can influence pupillary responses 28 , should be considered. Also, it is important to ensure that the patient does not have fixed and dilated pupils because of the effects of a seizure. Although pupillary size was measured we focussed on pupillary reaction. A limitation of the current findings is the subjective nature of the assessment of pupillary responses, which could introduce variability and unreliability to the results. Large disagreements have been reported in the assessment of pupillary responses while the automation of the process improves accuracy and the detection of responses 29 . However, our methods reflected typical clinical practice. Another possible limitation is the fact that pupillary responses were not blinded. If this had any effect it would be expected to reduce the number of false positives.
This case series should serve as a reminder that the clinical sign of bilaterally absent pupillary responses is not always associated with a hopeless outcome, especially in the first few days, after traumatic or infective brain injury. Additional time and/or testing with other tests, such as motor responses, SEPs or magnetic resonance image, should be considered before any definitive action is taken.
